We present multi-epoch continuum observations of the Class 0 protostellar system IRAS 16293-2422 taken with the Very Large Array (VLA) at multiple wavelengths between 7 mm and 15 cm (41 GHz down to 2 GHz), as well as single-epoch Atacama Large Millimeter/submillimeter Array (ALMA) continuum observations covering the range from 0.4 to 1.3 mm (700 GHz down to 230 GHz). The new VLA observations confirm that source A2 is a protostar driving episodic mass ejections, and reveal the complex relative motion between A2 and A1. The spectrum of component B can be described by a single power law (S ν ∝ ν 2.28 ) over the entire range from 3 to 700 GHz (10 cm down to 0.4 mm), suggesting that the emission is entirely dominated by dust even at λ = 10 cm. Finally, the size of source B appears to increase with frequency up to 41 GHz, remaining roughly constant (at 0 . 39 ≡ 55 AU) at higher frequencies. We interpret this as evidence that source B is a dusty structure of finite size that becomes increasingly optically thick at higher frequencies until, in the millimeter regime, the source becomes entirely optically thick. The lack of excess free-free emission at long wavelengths, combined with the absence of high-velocity molecular emission indicates that source B does not drive a powerful outflow, and might indicate that source B is at a particularly early stage of its evolution.
INTRODUCTION
A paradigm exists for the formation of isolated low-mass stars through the gravitational collapse of dense cores embedded in a large molecular cloud (Shu et al. 1987) . The different evolutionary stages considered in this scenario, from Class 0 to Class I, Flat Spectrum, and Class II and III sources, have been amply described in the literature (Lada & Wilking 1984; Andre et al. 1993; Greene et al. 1994) . Although many features of this paradigm can be extended to low-mass stars forming in multiple systems, several standing questions remain regarding the formation and early evolution of multiple systems. For instance, the dominant route(s) leading to the formation of multiple stellar systems are still debated. The two leading (and not necessarily mutually exclusive) contending theories are turbulent and disk fragmentation (Padoan et al. 2007; Adams et al. 1989 ). The turbulent fragmentation theory considers that a bound core can break into multiple fragments due to turbulent fluctuations of the density. These fragments will have masses larger that the Jean mass and will collapse faster than the original core. In this scenario, the binary or multiple systems are expected to form if these fragments remain gravitationally bound (see e.g. Goodwin et al. 2004 ). On the other hand, the disk fragmentation model considers that strong gravitational instabilities can fragment a pre-existing disk to form a multiple system (Adams et al. 1989) . Both theories make different predictions on the architecture of the resulting multiple systems that can be tested through high spatial resolution observations (Tobin et al. 2016a,b) . For instance, determining parameters from the observations such as the distance between the companions, their relative orientation or eccentricity might help us distinguish between these scenarios.
Furthermore, multiplicity directly affects early stellar evolution through a number of tidal mechanisms (e.g. Artymowicz & Lubow 1994; Kraus et al. 2011 ) that have been discussed in detail by Reipurth et al. (2014) and that can be particularly severe in young triple systems. These effects can, in particular, affect the accretion history and time evolution of members of multiple systems, rendering the interpretation of their observational properties in terms of theoretical models somewhat uncertain (e.g. Stassun et al. 2008) . To study them, young multiple systems must be characterized in detail and at high angular resolution. Very young (Class 0) systems are particularly interesting in this context, because they probe the initial conditions of multiple stellar evolution.
IRAS 16293-2422 is a very well known Class 0 protostellar system located in the Lynds 1689N dark cloud within the Ophiuchus star-forming region. For some time, the distance to the entire Ophiuchus complex was assumed to be 120 pc following Loinard et al. (2008) . In a recent work, Ortiz-León et al. (2017) determined trigonometric parallaxes to a sample of young stars distributed over the region and inferred mean distances of 137.3 ± 1.2 pc for the Ophiuchus core, Lynds 1688, and 147.3 ± 3.4 pc for Lynds 1689. Dzib et al. (2018) , using astrometric observations of water masers, recently confirmed that the distance to IRAS 16293-2422 is 141 +30 −21 pc, which is consistent with both Loinard et al. (2008) and Ortiz-León et al. (2017) , so we will use 141 pc for the distance to IRAS 16293-2422 in the rest of the paper.
IRAS 16293-2422 has been amply studied over the years for a variety of reasons. Initially, it drew attention because it was the coldest known protostar (see e.g. Walker et al. 1986 ). Later on, it was found that this source presented very rich spectra with numerous complex molecules, indicating a particularly active chemistry. Indeed, it harbors the archetypical "hot corino" at its center (e.g. Ceccarelli et al. 2000; Caux et al. 2011; Jørgensen et al. 2016) . Finally, IRAS 16293-2422 happens to be one of the first very young (Class 0) multiple stellar systems ever identified. Interferometric observations at centimeter and millimeter wavelengths by Wootten (1989) and Mundy et al. (1992) revealed two compact sources (called A and B) near the center of the extended envelope of IRAS 16293-2422. At about the same time, Mizuno et al. (1990) identified two compact outflows driven from IRAS 16293-2422, confirming that it must contain a young multiple system. High resolution radio observations (Wootten 1989; Loinard 2002 ) have further revealed that source A contains two sub-condensations called A1 and A2. Multi-epoch radio observations (Loinard 2002; Chandler et al. 2005; Loinard et al. 2007; Pech et al. 2010) have shown that, while the separation between A1 and A2 remained constant at about 0 . 34 between 1986 and 2008, their relative position angle monotonically increased by 40 • over the same time period. Loinard et al. (2007) and Pech et al. (2010) interpreted this relative motion in terms of a nearly face-on, nearly circular orbit, and therefore considered A1 and A2 to form a tight binary system (see Figures 1 and 2) .
One of the two compact outflows identified by Mizuno et al. (1990) is oriented almost exactly in the E-W direction, while the other is oriented in the NE-SW direction (at a position angle of about 65 • ). High resolution observations by Yeh et al. (2008) demonstrated unambiguously that the E-W outflow originates from within source A. On the other hand, source A2 was shown by Loinard et al. (2007) to be at the origin of multiple bipolar ejections giving rise to additional radio sources (called A2α, A2β , etc.) oriented along the same direction as the NE-SW ouflow. Pech et al. (2010) used multi-epoch radio observations to show that A2α and A2β are symmetrically moving away from A2, as expected for bipolar ejecta. Thus, the NE-SW outflow can be unambiguously traced back to A2, and both compact outflows identified by Mizuno et al. (1990) appear to be driven from within source A. A third compact outflow (oriented in the NW-SE direction) was identified in IRAS 16293-2422 by Rao et al. (2009) and studied in more detail by Girart et al. (2014) . In their interpretation, this outflow also originates from within source A and impinges on source B where it splits, producing an arc-like structure. Loinard et al. (2013) offered a different interpretation in terms of a slow and poorly collimated outflow driven by source B. Regardless of the origin of this third outflow, it appears abundantly clear that source A drives multiple outflows and must host a very young multiple system.
Source B in IRAS 16293-2422 has also been studied in detail. Although it is resolved and does exhibit some substructure when observed at very high angular resolution (e.g. Rodríguez et al. 2005) , there is no evidence to suggest that it might harbour a multiple system. Source B exhibits two remarkable properties that are worth mentioning here. The first one is that its spectrum can be accurately described as a single power law, with a spectral index of order 2 to 2.5 from ν = 5 GHz (λ = 6 cm) to ν = 330 GHz (λ = 0.8 mm) (Chandler et al. 2005) . This suggests that a single emission mechanism, thermal dust emission, is at work over that entire frequency range. This is highly unusual, since emission from low-mass protostars at centimeter wavelengths is almost always dominated by free-free radiation from an ionized wind (e.g. Anglada et al. 2015) . The interpretation of the centimeter flux from source B in terms of dust emission was further confirmed by the observation by Chandler et al. (2005) that the size of source B increases with frequency in the centimeter regime as expected for optically thick thermal dust emission. In contrast, optically thick free-free emission is expected to result in a source size that decreases with frequency (e.g. Panagia & Felli 1975) . The lack of free-free emission in source B would be expected in the scenario put forward by Girart et al. (2014) where all molecular outflow activity in IRAS 16293-2422 is driven from source A. We note, however, that it would not necessarily be incompatible with the slow and poorly collimated outflow proposed by Loinard et al. (2013) which might not generate the highly supersonic speeds required to produce shock-ionized gas.
The second remarkable feature of source B worth mentioning here is that it exhibits what is arguably the clearest known example of an inverse P-Cygni profile (Pineda et al. 2012; Zapata et al. 2013) . This is naturally interpreted as evidence for infall, and Pineda et al. (2012) derived a mass accretion rate on source B of 4.5 × 10 −5 M yr −1 . Zapata et al. (2013) confirmed the interpretation of the P-Cygni profiles in terms of infall, and interpret source B itself as an optically thick disk seen nearly face-on. The high accretion rate onto source B is somewhat difficult to reconcile with the lack of a strong wind inferred from the absence of freefree emission, and of outflowing material proposed by Girart et al. (2014) . Indeed, theoretical models of accreting protostars predict a mass ratio between accreted and ejected material of order 10 to 30% (e.g. Shu et al. 1988) .
It is clear from the description presented above that IRAS 16293-2422 is in the process of forming a multiple (at least triple) stellar system. As such, it offers a unique opportunity to investigate the effect of multiplicity on the earliest stages of stellar evolution. Nevertheless, the exact number of protostars within IRAS 16293-2422, their relative evolutionary stages, and their relationship with known radio sources and outflows in the system, remain elusive. In this paper, we present new radio, millimeter, and sub-millimeter continuum observations aimed at elucidating several of these aspects. The observations will be presented in Section 2, the results given in Section 3, and used to discuss the nature of the sources in Section 4. Section 5 summarizes our conclusions and provides some perspectives. Table 1 for a summary). They covered the frequency range from 2 to 42 GHz, and resulted in angular resolutions better than 0 . 5 at all frequencies except at 3 GHz. We used the VLA calibration pipeline (version 1.3.1) provided by NRAO to flag and calibrate all our datasets with the CASA software package (version 4.2.2). The quasars 3C 286 and J1256−0547 were used for the bandpass calibration, while the source J1625−2527 was used for the complex gain calibration. The flux scale was set using the standard Fit to points with ν < 100 GHz: α = 0.44±0.05 Fit to points with ν > 100 GHz: α = 2.5±0.22 VLA (Chandler et al. 2005) VLA (this work) SMA ALMA Figure 3 . Spectra of sources A and B derived from SMA and VLA observations (Chandler et al. 2005) as well as the VLA and ALMA results presented in the present paper. Fits with various power-laws, as described in the next, are shown.
calibrator 3C 286. The uncertainty in the absolute flux calibration is estimated to be about 10% for the observations up to 15 GHz. For the observations at higher frequencies, the estimated uncertainty is about 15%.
The continuum emission from this source is strong enough that self-calibration can be performed in order to correct for atmospheric fluctuations on timescales shorter than the cycle between the target and the phase calibrators. The calibrated visibilities were imaged using a weighting scheme intermediate between natural and uniform (RO-BUST = 0 in CASA) to optimize the compromise between high angular resolution and high sensitivity. The resulting synthesized beams and r.m.s. noise levels are given in Table 1 . To complete our study, we will also make use of the continuum VLA observations from Chandler et al. (2005) and Pech et al. (2010) carried out between 1986 and 2008. The reduction and calibration of these data are described in details in the original papers. We have also used interferometric ALMA observations covering the frequency range from 230 GHz to 700 GHz (see Table 1 ). We selected only observations with an angular resolution better than 0 . 4 so that the source size of source B could be properly deconvolved (see Section 3.3 below). Images at frequencies between 227 and 453 GHz were downloaded from the database hosted by the Japanese ALMA Observatory (JAO; jvo.nao.ac.jp/portal/alma/archive.do). These images correspond to data that have not been selfcalibrated, and we assume a 10% error on the source sizes derived from them. The absolute flux uncertainty, on the other hand, is assumed to be 15% for frequencies below 400 GHz, and 20% above 400 GHz. In addition, we used the Band 9 Science Verification observation of IRAS 16293-2422 as available on almascience.nrao.edu, these data were self-calibrated. Figure 2 . As expected, source B to the north-west of the system remains largely featureless in all images, and -due to its positive spectral index-it appears much more prominent at the highest frequencies. Source A, on the other hand, appears highly structured, containing a number of sources that depends on time and frequency. These different sources correspond, on the one hand, to the A1 and A2 objects initially identified by Wootten (1989) and subsequently monitored by Loinard (2002) , Chan- dler et al. (2005) and Pech et al. (2010) , and, on the other, to the ejecta recently expelled by source A2 (Loinard et al. 2007; Pech et al. 2010; Loinard et al. 2013 ).
ALMA observations
In the following sub-sections, we will use these VLA images as well as the ALMA images described in Section 2.2 to characterize, separately, the spectra 1 of components A and B as well as their temporal variability. We will also use them to examine the size of several of the sources, and monitor the astrometry (both absolute and relative) of the different sources in the system.
Spectra
The integrated flux densities obtained for sources A and B from resolved SMA and VLA observations between 5 and 300 GHz were previously reported by Chandler et al. (2005) . Here we extend these observations both to higher frequencies (up to 700 GHz) using ALMA observations and to lower frequencies (down to 2 GHz) using new VLA observations. We have used CASA to measure the flux densities for A and B. For source B, we used a gaussian fit since its structure at all wavelengths is well defined. On the other hand, the emission from source A is more complex, so we used the task IMFIT with multiple components in CASA to measure individual fluxes, and defined region including all sources composing A to obtain the total flux. The resulting complete spectra are shown in Figure 3 .
In the case of source A, we confirm the results by Chandler et al. (2005) that the fluxes can be fitted by two separate power laws F ν ∝ ν α . At ν > 100 GHz, the spectral index derived from the data is 2.50 ± 0.22, as expected from thermal dust emission. At ν < 100 GHz, the spectrum becomes shallower and is well characterized by a spectral index α = 0.44 ± 0.05 typical of partially optically thick free-free emission from ionized jets (e.g. Anglada et al. 2015) . This situation is typical of deeply embedded low-mass protostars driving supersonic outflows.
As shown in Figure 2 , source A is a composite of several components, so the spectral index derived above corresponds to the average of the spectral indices of the various sources within component A. The determination of the spectral indices of the individual sources is complicated by the blending between those sources in several of the images, and the fact that some features (particularly the ejecta) are only detected at some frequencies. To estimate the spectral indices of the individual components, we used the resolved observations obtained at 10 and 15 GHz in 2014.15. These data yield α A1 = 0.5 ± 0.2, α A2 = 0.7 ± 0.2, α A2α = −0.4 ± 0.2 and α A2β = −0.1 ± 0.2. The positive values derived for A1 and A2 are consistent with the partially optically thick free-free emission expected for the thermal jet of young stellar objects (e.g. Anglada et al. 2015) . This would be consistent with the interpretation of A1/A2 in terms of a tight binary system by Loinard et al. (2007) and Pech et al. (2010) . The spectral indices of sources A2α and A2β , on the other hand, are consistent with the expectation (α = -0.1) for optically thin free-free emission, as appropriate for low density ionized ejecta. We note that Loinard et al. (2013) had found a similar value for A2β from earlier VLA observations. It is important to point out that the ejecta contribute relatively little to the total flux of component A, so the overall spectrum of source A is dominated by the compact sources A1 and A2; this explains the overall positive index of source A.
For source B, the entire spectrum from 2 to 700 GHz can be modelled by a single power-law with spectral index α = 2.28 ± 0.02. Note that to constrain better the behavior of the spectrum at low frequency, we measured the flux separately in the entire 3 GHz band (∆ν from 2 to 4 GHz) covered by the S-band observations, and in sub-bands from 2 to 3 GHz (centered at 2.5 GHz), and from 3 to 4 GHz (centered at 3.5 GHz). Source B is only detected in the entire band and in the higher frequency (3.5 GHz) sub-band. It is not detected in the lower frequency sub-band centered at 2.5 GHz. This is fully consistent with the spectral index derived from the entire spectrum (Figure 3 ). To examine whether or not the highest and lowest frequency points (at 695 GHz and 2.0 GHz) suggested a departure from a single power law, we also fitted the data ignoring these two extreme points. This fit is very nearly identical to that obtained including all points. Nevertheless, the highest frequency (ALMA) data points do tend to fall below the power-law fit. Using only the ALMA points yields a somewhat smaller spectral index of 1.83±0.08 (Figure 3) . The value of the spectral index of source B (α = 2.28 ± 0.02) is consistent with thermal dust emission, and is statistically incompatible with the maximum value (+2.0) for optically thick free-free emission. Instead, the spectrum suggests that the emission is due to thermal dust radiation over the entire range from 700 GHz down to 2 GHz, with no detectable free-free con-tribution even at the lowest frequency (further evidence for this conclusion will be presented in section 3.3). This is, to the best of our knowledge, a unique situation. A number of other young stellar objects (e.g. Brogan et al. 2016 ) have been observed to be dominated by thermal dust emission down to ∼ 10 GHz, but never down to 2 GHz. Anglada et al. (2018) reviewed the properties of centimeter free-free emission from jets driven by young stellar objects. They confirmed the existence of an empirical relationship between the bolometric luminosity of the object and the intensity of the free-free emission from its thermal jet. IRAS 16293-2422 has a total bolometric luminosity of about 25 L (Makiwa 2014; Crimier et al. 2010; Correia et al. 2004; Schöier et al. 2002, when scaled to the distance of 141 pc adopted here). The empirical relationship derived by Anglada et al. (2018) for that luminosity predicts a total centimeter free-free flux density for IRAS 16293-2422 of order 4 mJy (to within a factor of a few). This is indeed, the total centimeter flux density measured here for the sum of source A and B. Jacobsen et al. (2018) estimate that around 85% of that the total luminosity of IRAS 16293-2422 is attributable to source A, while the remaining 15% come from source B. Thus, one would expect centimeter free-free flux densities of about 3.4 and 0.6 mJy for source A and B respectively. The measured centimeter flux density of source A is consistent with this expectation, but that of source B is not. Indeed, the predicted contribution from dust at ∼ 6-7 GHz (from the power law derived from the spectrum of source B) is about 0.5 mJy. Thus, the total flux expected for source B, if it fell on the empirical relationship of Anglada et al. (2018) , would be about 1 mJy. In contrast, the measured flux density of source B is only about 0.5 mJy, and is fully compatible with the predicted thermal dust emission alone. The dispersion of the data points around the fit to the spectrum is of order 10%, so a reasonable upper limit to the free-free contribution is about 0.05 mJy, or about a tenth of the ex- pected flux for a source with that luminosity. We conclude that source B does not drive a powerful ionized outflow. Chandler et al. (2005) have shown that the centimeter radio flux of source A is somewhat time variable, with a variability of order ∼ 50% at any given frequency. This result is confirmed by the new VLA observations. To characterize the radio variability of sources A and B separately, we considered the fluxes measured with the VLA at all available epochs, and we re-scaled them to a single reference frequency (chosen, arbitrarily, to be 15 GHz) using the spectral indices of sources A and B measured in Section 3.1. Specifically, we multiplied the fluxes measured at a given frequency ν by (15 GHz/ν) α where α = 0.45 for source A and α = 2.28 for source B. This eliminates the variations due to frequency and reveals intrinsic variability more explicitly. The results are shown in Figure  4 where it is immediately obvious that source A is more variable than source B. Quantitatively, the mean flux of source A (expressed at the reference frequency of 15 GHz) is found to be 4.08 mJy with a dispersion of 0.83 mJy around that mean. In comparison, the mean flux of source B is 2.66 mJy with a dispersion of only 0.35 mJy. Indeed, with the exception of the very first data point (at 15 GHz in 1987), the statistical distribution of all measured fluxes are compatible with the mean value. As discussed by Chandler et al. (2005) , it is quite possible that the first data point is affected by an absolute flux calibration issue.
Variability
The variability of source A is certainly expected given that the centimeter emission traces mass ejection which, as evidenced by the recent ejecta A2α and A2β , is clearly time dependent. The flux of source A2α at 10 GHz, for instance, is found to have faded by 30 to 40% between 2014.15 and 2015.53.
Source sizes
The components A1 and A2 of source A remain unresolved in our observations, and the ejecta source A2β is too heavily blended with A1 for a reliable size to be measured. Source B is well resolved at all frequencies above 10 GHz in the interferometric observations presented here (Table 2) . As noticed by Chandler et al. (2005) , the size increases with frequency in the centimeter regime, from about 120 mas at 10 GHz to about 185 mas at 40 GHz ( Figure 5 ). This tendency must continue between 40 and 230 GHz (at least in part of that frequency range), since the size measured at the latter frequency is 380 mas. As Chandler et al. (2005) pointed out, this increase of the size with frequency further confirms that the emission is dominated by partially optically thick thermal dust emission. Once in the millimeter regime, however, the size remains constant at 385±5 mas (54.3±0.7 AU assuming a distance of 141 pc - Dzib et al. 2018) , suggesting that the source is entirely optically thick. This is consistent with the spectral index, equal to 2.0 within 2σ , observed at ALMA frequencies (Figure 3) . At lower frequencies, the emission is a mixture of an optically thick core (with spectral index 2.0) and a optically thin outer region (where the spectral index is higher than two). This combination naturally results in a spectral index larger than 2.0. In this scheme, the size measured at millimeter wavelengths corresponds to the full extent of source B.
Astrometry
The relative motion between sources A1 and A2 was first reported by Loinard (2002) from VLA observations at 8.4 GHz obtained between 1989 and 1994. Chandler et al. (2005) and Pech et al. (2010) expanded that study to include source B, using data obtained between 1987 and 2009. Pech et al. (2010) also monitored the motion of the ejecta A2α and A2β that were first reported by Loinard et al. (2007) .
The absolute position as a function of time for sources A1, A2, and B are shown in Figure 6 , and the derived proper motions are given in Table 3 . While the positions are reasonably well fitted by linear and uniform proper motions, we find some evidence for a deviation from this expected behaviour in the data. Indeed, we find that a second order polynomial does reproduce the data significantly better. However, since accelerated absolute proper motions are unphysical in our case, we will use the linear fits to characterize the proper motions of the sources in IRAS 16293-2422. These fits confirm that sources A2 and B exhibit very similar proper motions. Their mean value (µ α cos δ = − 7.5±0.8 mas yr −1 ; µ δ = −21.7±0.7 mas yr −1 ) provides a good proxy for the relative motion between the Sun and IRAS 16293-2422. We note that this motion is largely dominated by the reflex Solar motion. Assuming the values provided by Schönrich et al. (2010) for the Solar motion, we calculated that the reflex Solar motion for the direction of IRAS 16293-2422 is µ α cos δ = -8.1. mas yr −1 , µ δ = -19.4 mas yr −1 . In other words, the motion of IRAS 16293-2422 relative to the LSR is 0.6 ± 0.8 mas yr −1 and 2.3 ± 0.7 mas yr −1 in right ascension and declination, respectively. The proper motion of source A1, on the other hand, is somewhat different. To examine the relative motion between A1 and A2, Figure 7 shows the right ascension and declination offsets between A1 and A2 as a function of time (left column), as well as their separation and relative position angle as a function of time (right column). This shows that the separation between A1 and A2 is slowly increasing, from about 0 . 33 (≡ 46.5 AU) in the late 1980s to about 0 . 38 (≡ 53.6 AU) in 2015. Somewhat unexpectedly, the relative position angle between A1 and A2, which has increased by about 40 • between the late 1980s and the early 2000s, has now started to decrease. We will discuss possible explanations in Section 4.
The relative motion between the ejecta A2α and A2β and their driving source A2 are, respectively 63±3 mas yr −1 at a position angle +62±10 • , and 62±3 mas yr −1 at a position angle +266±10 • . Both position angles are in agreement with the orientation (P.A. ∼ 65 • ) of the NE-SW outflow driven from within component A (e.g. Mizuno et al. 1990 ). We conclude, as did Loinard et al. 14 1985 Loinard et al. 14 1990 Loinard et al. 14 1995 Loinard et al. 14 2000 Loinard et al. 14 2005 Loinard et al. 14 2010 Loinard et al. 14 2015 Loinard et al. 14 2020 Epoch ( (2007) and Pech et al. (2010) , that this specific outflow is driven by A2. The amplitudes of the proper motions of A2α and A2β relative to A2 are very similar, and imply transverse velocities of order 45 km s −1 .
DISCUSSION
Starting from their radio and millimeter properties described in section 3, we now proceed to discuss the nature of the various sources in IRAS 16293-2422.
The protostellar source A2
Source A2 is clearly associated with a protostar. Its centimeter emission is compact and exhibits a positive spectral index (α = +0.7±0.2) typical of the thermal jets driven by low-mass protostars (Anglada et al. 2015) . Moreover, it has recently ejected two condensations (A2α and A2β ) that are observed to move symmetrically away from A2 along a position angle that corresponds to that of the NE-SW outflow first observed by Mizuno et al. (1990) . Incidentally, we note that this association between A2 and the NE-SW outflow is the only one that can currently be ascertained. The other outflows known to exist in the system cannot yet be unambiguously associated with specific protostars.
The ejecta A2α and A2β
The sources A2α and A2β were ejected from A2 around 2005 (Pech et al. 2010 ). The present observations confirm that the emission mechanism of the centimeter emission is optically thin thermal bremsstrahlung. Furthermore, the size of the well resolved source A2α is found to have increased significantly between 2009 and 2014, demonstrating that it is diluting into its surroundings. It is, to our knowledge, the first time that such an expansion of a protostellar ejecta is observed.
Source A1
The nature of source A1 has been a matter of some debate. Chandler et al. (2005) proposed that A1 is a shock feature that corresponds to the impact on the surrounding medium of a jet driven by a protostar located close to A2. Initially, it was thought that A2 itself might be the source of that jet, but the recent ejections of A2α and A2β by A2 demonstrate that the jet from A2 does not point in the direction of A1. Thus, a different protostar (presumably a very close companion of A2) would have to be at the origin of the jet. Chandler et al. (2005) interpreted the relative motion between A1 and A2 as a consequence of the precession of that putative jet, and attribute the strong precession to the binary nature of the driving source. This interpretation would explain naturally the recent reversal in the behaviour of the relative position angle between A1 and A2 (Figure 7d ). On the other hand, this interpretation is difficult to reconcile with the permanency of source A1 as a compact source of nearly constant flux over the last three decades. Indeed, A1 has been observed to move (on the plane of the sky) by about 35 AU over the course of the last 30 years. If A1 is interpreted as a shock feature from a precessing jet, then the properties of the shocked ambient material would be expected to change drastically over that time span, and this could easily have resulted in significant changes in the radio properties of A1.
The alternative interpretation, that has been put forward by Loinard et al. (2007) and Pech et al. (2010) , is that A1 is a protostar which, together with A2, form a tight binary system. This interpretation explains more naturally the steadiness of A1 over the last 30 years. In addition, the spectral index of A1 (α = +0.5±0.2) is consistent with that of a protostar driving a thermal jet (Anglada et al. 2015) . On the other hand, the recent behaviour of the relative position angle between A1 and A2 is clearly incompatible with a Keplerian orbit.
Here, we propose a third possibility, closely related to the tight binary interpretation just mentioned: that A1 is a member of a very tight binary system which, together with A2, form a hierarchical triple system. In that scheme, the relative motion between A1 and A2 would be the combination of the motion of the center of mass of the tight binary around A2, and the motion of A1 around the center of mass of that putative very tight binary. This would result in "epicycles" that could easily explain the complex behavior of the relative position between A1 and A2. Future astrometric observations will be needed to test this possibility, but we note that the existence of three protostars in source A is not unexpected. As we described in Section 1, two outflows (one oriented E-W and the other oriented NE-SW) have long been known to be powered from within A, and Girart et al. (2014) proposed that a third outflow (oriented NW-SE) also originated from source A. This would clearly require the existence of three protostars in source A.
Source B
Two of the radio properties of source B are quite extraordinary. The first one is that its spectrum can be described as a single power law from 2 to 700 GHz, with a spectral index (2.28±0.02) that is incompatible with thermal bremsstrahlung. There is some evidence that the spectrum becomes somewhat shallower (and compatible with 2.0) at the highest frequencies. Since the emission in the millimeter/sub-millimeter regime is clearly due to dust, the emission in the centimeter regime is likely of the same origin. This is confirmed by the second remarkable property of source B: that its size increases with frequency between 10 and 50 GHz, but stays constant from 230 to 700 GHz. We interpret this as evidence that the source becomes increasingly optically thick as the frequency in-creases until, in the millimeter and sub-millimeter regimes it is entirely optically thick. Given this conclusion, the brightness temperature measured at the central position of source B in the wellresolved images obtained with the VLA at 33 GHz (T b = 870 K) and 41 GHz (T b = 700 K) provide a stringent lower limit 2 to the kinetic temperature in the central parts of source B.
The brightness temperature derived from the ALMA observations is somewhat lower (∼ 180 K). For instance, from the Science Verification Band 9 ALMA data at 700 GHz with a spatial resolution of ∼ 0.3 , we have T b = 182 K in the central pixel. In principle, this could be due to beam dilution since the beam area of the ALMA data used here is typically five to ten times larger than that of the VLA observations at 33 and 41 GHz. However, we have obtained higher angular resolution maps at ∼ 300 GHz (E. Caux private communication), which show that the brightness temperature in the central pixel at 0 . 12 angular resolution is also about 185 K. This strongly suggests that beam dilution is not the cause of the lower brightness temperature measured with ALMA as compared with the VLA. Instead, a second effect could naturally explain the difference in brightness temperature. Given the dependence of opacity on wavelength, we expect lower frequency observations to probe regions deeper inside source B, and higher frequency data to only see the relatively outer layer, where the temperature is lower.
We conclude that source B is a dusty structure with a very high central density (this is required to explain the high opacity of source B) and high central temperature (at least 1,000 K). The lack of excess centimeter emission that would indicate the presence of a strong ionized wind and the absence of high-velocity molecular emission around source 2 The brightness temperature becomes equal to the kinetic temperature when (i) Local Thermodynamical Equilibrium (LTE) conditions apply (this is very likely at the high densities found near the center of source B), and (ii) when the optical depth tends to the infinite. B (Mizuno et al. 1990; Girart et al. 2014 ) might indicate that source B is at a very early stage of its protostellar evolution.
CONCLUSIONS AND PERSPECTIVES
In this paper, we presented multi-epoch continuum observations of the Class 0 protostellar system IRAS 16293-2422 taken with the Very Large Array (VLA) at multiple wavelengths between 7 mm and 15 cm (41 GHz down to 2 GHz), as well as single-epoch Atacama Large Millimeter Array (ALMA) continuum observations covering the range from 0.4 to 1.3 mm (700 GHz down to 230 GHz). These observations all have sufficient angular resolution (typically better than 0 . 4) to resolve the various compact sources known to exist in the system.
The new VLA observations presented here, combined with previously published observations dating back to the late 1980s, were used to follow the proper motions of the different sources in the system. This confirms that the two sources known as A2 and B move on the plane of the sky with nearly identical velocities, tracing the overall relative motion between the Sun and the parent molecular cloud of IRAS 16293-2422, Lynds 1689N. The sources A2α and A2β , previously identified with recent ejecta from the protostellar object A2 are observed to symmetrically move away from A2, and one of them (A2α) shows some evidence of diluting into its surroundings. Somewhat unexpectedly, the position angle between A1 and A2, which had been observed to increase steadily during the period from the late 1980s to the early 2000s, is now found to have started to decrease. This might indicate that A1 corresponds to the impact of a precessing jet onto the surrounding material, or that A1/A2 are two members of a tight hierarchical triple system.
Combining our new observations with data taken from the literature, we refined the determination of the spectrum of both component A and B. As expected for a protostar with an active outflow, the spectrum of component A changes from a shallow power law (S ν ∝ ν 0.44 ) at centimeter wavelengths to a steeper one (S ν ∝ ν 2.5 ) at millimeter wavelengths. In contrast, the spectrum of component B can be described by a single power law (S ν ∝ ν 2.28 ) over the entire range from 2 to 700 GHz (10 cm down to 0.5 mm). This suggests that emission from component B is entirely dominated by dust even at λ = 10 cm, and that it drives no detectable outflow. We also find that the size of source B increases with frequency up to 41 GHz, remaining roughly constant (at 0 . 39 ≡ 55 AU) at higher frequencies. We interpret this as evidence that source B is a dusty structure of finite size that becomes increasingly optically thick at higher frequencies. Finally, we find that the kinetic temperature at the center of source B is at least ∼ 1,000 K.
